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Abstract— Magnesium tartrate is having application in purgative and food supplement formulations. Magnesium tartrate 

nanoparticles are obtained by employing the wet chemical method. Aqueous solutions of MgCl2, tartaric acid, and sodium 

metasilicate (SMS) solutions are added together in the presence of Triton X-100 surfactant in the desired manner. The SMS 

helps in the formation of magnesium tartrate products. The powder XRD analysis indicates the orthorhombic nature of the 

magnesium tartrate nano-particles with the 40.35 nm average crystallite size from Scherrer's method and 10.90 nm from the W-

H (Williamson-Hall) method. The particle size and the morphology of nano-particles are studied by using TEM. The FTIR 

spectrum confirms the functional groups, viz., C-H, O-H, and C=O in the sample. TGA indicates the thermal stability up to 213
o 

C and then decomposition occurs via different stages.  The dielectric analysis is reported on the pellet form of the sample within 

the range of frequency from 10 Hz to 10 MHz and temperature from 303K to 363K. The variation in both dielectric constant and 

dielectric loss along with the frequency of applied field suggests decreasing nature in the values as the frequency increases. 

However, the reverse trend is displayed for the A.C. conductivity with increasing frequency. Various parameters are evaluated 

from Jonscher’s power law and the CBH (Correlated Barrier Hopping) model for A.C. conductivity is suggested from the 

analysis. 
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1. Introduction  

Tartaric acid and metal salts are the precursors for the 

formation of metallic tartrate compounds, however, the 

reaction is not straightforward, and often the gel medium is 

used for the growth of crystals [1],[2]. The role of sodium 

metasilicate in the synthesis of crystalline and nanoparticles 

of metal tartrate compounds is well explained by Vyas et al. 

[2] and Tarpara et al [3]. Earlier in our lab, we used the 

sodium metasilicate (SMS) gel medium to generate various 

metal tartrate crystals [4],[5],[6],[7],[8]. For last more than 

two decades and nanoparticles of various metal tartrates have 

been synthesized and characterized recently the nano particles 

of calcium tartrate and strontium tartrates are also reported  

[3],[9]. There are very scanty reports available on magnesium 

tartrate, for example, the chemical and structural diversity in 

chiral magnesium tartrate [10], the gross morphology of 

magnesium (D, L) tartrate [11], the use of magnesium tartrate 

in the colonic purgative formulation [12], in the non-critical 

phase matching using magnesium tartrate at 0.92 µm 

wavelength [13] as a precursor to synthesize MgO 

nanoparticles by sol-gel method [14]. Magnesium is the 

fourth most common cation in the human body and 

participates in more than 1000 enzymatic reactions, the 

magnesium tartrate is used in formulation to increase the 

uptake of magnesium in mammals [15], Magnesium tartrate 

also finds application in the growth inhibition of urinary type 

calcium oxalate crystals [16],[17]. There are only a few 

reports available on the growth of magnesium tartrate 

crystals, Viz., by hydrothermal method [10] and gel growth 

[18]. The recovery of magnesium tartrate is reported by 

Ghara et al [19] in the recovery of potassium salts from the 

sea bittern. 

The novelty of the present work is that, by careful literature 

survey, one finds no significant work reported on magnesium 

tartrate nanoparticles synthesis and characterization. This has 

motivated me to synthesize magnesium tartrate nanoparticles 

by cost-effective wet chemical surfactant mediated approach 

at the ambient temperatures and characterized by Powder 

XRD and TEM to confirm the nanostructured nature, FTIR 

for the knowledge of the functional groups, TG – DTA for the 

thermal stability study, dielectric study for the change in 

various dielectric and electrical properties with the frequency 

of the applied field.  
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2. Experimental Technique 

The nano-particles of magnesium tartrate were achieved from 

a wet chemical surfactant mediated approach. The method is 

discussed elsewhere in detail [3]. Aqueous solutions of 2M 

MgCl2, 1 M d-tartaric acid (H2C4H4O6), and sodium 

metasilicate (SMS) of specific gravity 1.05 were added under 

constant stirring with Triton X-100 (surfactant) in such a way 

that proper water/ surfactant ratio and mixture pH remains 

between 4.0 to 5.0. AR grade chemicals were used. The SMS 

solution helped in the chemical process to form the product 

without participating in the reaction, which is elaborately 

explained elsewhere by the present workers [2],[3].  

 

The white color precipitates were filtered followed by a wash 

using de-ionized water and air-dried. The chemical reaction 

occurring is as follows without indicating the role of SMS: 

 

MgCl2 + H2C4H4O6 → MgC4H4O6 + 2HCl  

 

PHILIPS X’PERT MPD set up with Cu Kα radiation used for 

powder XRD study and data in .udf format were analyzed by 

computer software Powder X. The TEM images were 

captured on Philips Tecnai 20 (SAIF, IIT Bombay) by 

dispersing samples into acetone. Nicolet 6700 was employed 

for recording FTIR spectrum in the range from 400 cm
-1

 to 

4000 cm
-1

. METTLER TOLEDO TGA/SDTA 851 setup was 

used to analyze the sample in the atmosphere of nitrogen with 

a heating rate of 25 °C/min from RT (room temperature) to 

700
o
C. For the dielectric study, the palletized sample was 

used for the measurements using the HIOKI 3532 LCR 

HITERSTER meter at temperatures from 303K to 373K 

within the range of frequency from 10 Hz to 10 MHz. 

 

3. Results and Discussion 

3.1 Powder XRD 

Figure 1 displays the powder XRD pattern of magnesium 

tartrate nano-particles sample. The peak around 35
o
 shows 

maximum and broadening of maximum peak having a hkl 

parameters [332]. From the data analysis the unit cell 

dimensions were obtained as: a = 9.19 Å, b = 11.18 Å, c = 

7.96 Å and α = β = γ = 90
0
. These unit cells are in good 

agreement with previously reported by Dave et al. [18] which 

are,  a = 9.18 Å, b = 11.20 Å, c = 7.95 Å and α = β = γ = 90
0  

. 

 

 

Figure 1. Powder XRD pattern of magnesium tartrate nanocrystalline 
particles 

The average crystallite size was evaluated by using the 

FWHM of maximum peak with two different methods, i.e., 

Scherrer’s as well as Williamson and Hall's (W-H) methods, 

and found as 40.35 nm and 10.90 nm, respectively. The strain 

present in the crystallites was estimated from the W-H 

analysis method as 0.0126. The difference between the values 

of average particle size obtained from the Scherrer’s formula 

and Williamson-Hall method is due to their different 

approaches. The Scherrer’s formula takes the Gaussian fit 

approach to the peaks in the XRD patterns, whereas the 

Williamson-Hall method considers the limited crystallite size 

and crystallographic distortion, i.e., the strain, leading to the 

Lorentzian intensity distribution [20],[21]. 

 

3.2 TEM 

 

 
Figure 2. Bright field TEM images with various sizes of magnesium tartrate 

nanoparticles 

 

The TEM images reveal details of size, shape, and the type of 

morphology of nano-systems. Before putting the sample in 

sample holder of TEM powdered sample of magnesium 

tartrate nano particles were dispersed in acetone. Figure 2 

displays the TEM images. The majority of particles are within 

15 nm to 50 nm in the observed frame having a minimum size 

of 18.25 nm and a maximum size of 48.70 nm. Although the 

nano-particles exhibit an aggregated nature, the overall 

distribution indicated a reasonably small range of diameter 

variation with a nearly spherical nature. 

 

3.3 FTIR 

 

 
Figure 3. The FTIR spectrum of magnesium tartrate nanoparticles 
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Infrared spectroscopy reveals information about molecular 

vibrations that cause a change in the dipole moment of 

molecules. It offers a fingerprint of the chemical bonds 

present within materials. Figure 3 exhibits the FTIR spectrum 

of magnesium tartrate nanoparticles. Table 1 exhibit the 

assignment and bond present in magnesium tartrate 

nanoparticles. The absorption band at 3749.9 cm
-1

 is 

attributed to the O–H asymmetric stretching mode, while the 

band observed at 3353.9 cm
-1

 is because of O–H symmetric 

stretching mode. The C–H stretching vibration mode is 

observed at 2951.5 cm
-1

. The bands observed at 1643.7 cm
-1

 

and 1515.2 cm
-1

 are due to C=O stretching mode. The band 

observed at 1359.9 cm
-1

 is due to O-H in plane bending and 

the C–O stretching mode is observed at 1097.0 cm
-1

. 

Moreover, the O–H out of plane bending mode is revealed at 

952.9 cm
-1

 and 818.8 cm
-1

. The absorptions at 523.6 cm
-1 

and 

430.3 cm
-1

 are due to metal-oxygen vibrations. Comparing 

the present FTIR spectrum of magnesium tartrate 

nanoparticles with the reported FTIR spectrum of magnesium 

tartrate crystal by Dave et al [18], it was noticed that certain 

absorption peaks shift either higher wavenumbers or lower 

wavenumbers in nanostructured samples. For instance, in a 

nanostructured sample the O–H stretching mode absorption is 

getting shifted to higher values of wavenumbers and for the 

C–O stretching and bending vibration modes the shifting is 

taking place towards lower wavenumbers. The red and blue 

shifts occurring in the spectrum of nano-structured sample 

FTIR spectrum in comparison to that of the bulk is mainly 

having a larger surface to volume ratio, surface interaction, 

interfacial effects, the change taking place in the restoring 

force created by the surface polarization charge, and dangling 

bonds present in nanostructured material as discussed earlier 

[3],[22]. 

 
Table 1: FTIR assignment for magnesium tartrate nanoparticles 

Wavenumber cm-1 Assignment 

3749.9 O–H asymmetric stretching mode 

3353.9 O–H symmetric stretching mode 

2951.5 C–H stretching 

1643.7 

1515.2 
C=O stretching mode 

1359.9 O-H in-plane bending 

1097.0 C–O stretching mode 

952.9 

818.8 
O–H out of plane bending mode 

523.6 

430.3 
metal-oxygen vibrations 

 

The expression shows the relation between the absorption 

frequency in the FTIR spectrum for particular di-atomic 

stretching vibration and from that, the value of the force 

constant is evaluated as [23]       

 

           ν = 1303                               --------- (1)    

                       

Where, 1303 =  /2пc, NA is the Avogadro’s 

number (6.0225 ×10
23

mol
-1

) and c = Speed of light = 3 × 10
10

 

cm/s. By taking up a simple model for di-atomic stretching 

vibration [24], the value of force constant obtained for O-H 

stretching vibrations using equation (1) at 3749.9 cm
-1

 is 753 

N/m for magnesium tartrate nano-particles. Whereas for the 

bulk magnesium tartrate, the value of force constant 

evaluated for the same O – H stretching vibrations occurring 

at 3452 cm
-1

 is equal to 638 N/m [18]. The larger force 

constant value of O-H vibration for the nanomaterial is 

attributed to the larger ratio of surface to volume as well as 

the larger surface energy for the nanostructured sample. 

 

3.4 TGA/DTA 

 

 
Figure 4. TG-DTA of Magnesium Tartrate nanoparticles 

 

Figure 4 displays the TG- DTA traces of magnesium tartrate 

nanoparticles. The magnesium nano particles were heated at a 

rate of 25°C/min from room temperature to 700°C in nitrogen 

atmosphere to avoid any oxidation during heating of the 

sample. Initially, on heating, the synthesized sample gets 

converted to anhydrous form at 213°C and then decomposes 

precipitously from 213°C to a brief meta-stable state at 365°C 

by converting it into magnesium carbonate form. In the final 

stage the decomposition occurs from 365°C to 415°C, the 

sample attains magnesium oxide form by slow 

decomposition. 

 
Table 2: TG-DTA decomposition behavior and product formed during 

thermal study 

 
 

DTA study shows the minor endothermic reaction observed at 

60
o 
C temperature, which is a result of giving up the water of 

hydration or moisture. The large endothermic peak observed 

at 365
o
C is due to the decomposition of the sample into 

carbonate form. Table 2 shows the theoretical and 

experimental weight percentage of the sample, nature of the 

reaction, and product formed at different temperatures. From 

the analysis, the presence of one water molecule was found. 
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The thermal stability of magnesium tartrate nano-particles is 

higher than the physiological temperatures and ensures a 

higher shelf life for storage applications in reference to bio-

medical use. 

 

3.5 Dielectric study 

The dielectric study is important for getting insight into the 

polarization behavior, conduction mechanisms, and dielectric 

relaxation [25]. The dielectric properties are very important in 

pharmaceutical applications. The important role of the 

dielectric constant in drug solubility prediction has been 

discussed by Fakhree et al [26]. Moreover, the roles of metal 

ions like magnesium in the biological function of many 

enzymes serve as electron donors or acceptors [27]. The 

kinetics of charge transfer depends on the dielectric 

organization of the medium in the enzymatic reactions [28] 

and magnesium is playing a very important role in several 

enzymatic reactions. Magnesium tartrate is figured out in 

application as purgative [12] and food supplement [15] and 

hence looking at the important role of magnesium and 

magnesium based compounds, the present authors carried out 

dielectric studies of magnesium tartrate nano-particles 

samples.   

 

According to general observation, the dielectric constant 

varies with the frequency of applied field, the temperature of 

the sample, orientation, mixture of different compounds, 

pressure, and molecular structure of the material [29]. In the 

literature, several reports are available on dielectric studies of 

various substances at different temperatures and frequencies 

to understand the conduction mechanism prevailing, for 

instance, strontium tartrate crystals [30], CuWO4 crystals 

[31], Ge S0.25 Se0.75 single crystals [32], gadolinium fumarate 

crystals [33], L-threonine doped ADP crystals [34], cadmium 

titanate nanofiber mats [35] and fish scales [36]. Dielectric 

relaxation and complex impedance spectroscopic studies of 

pure and cadmium mixed cobalt levo tartrate crystals were 

carried out by Manani et al [37] In the present report, the 

dielectric measurements were done within the frequency 

range of applied field 10 Hz to 10 MHz and range of 

temperature from 30°C to 90°C at a step of 20°C. The 

temperature range is selected below 90°C because 

magnesium tartrate finds the majority of applications in 

pharmaceutical formulations, as already mentioned in the 

introduction part, and hence the low-temperature variations 

are studied by looking at the physiological temperature 

limitations.  

 

Figure 5 exhibits the graphical relation between dielectric 

constant and frequency at various temperatures. Figure 5 

reveals that the dielectric constant is higher in the lower 

frequency region and the dielectric constant decreases as the 

frequency increases and ultimately becomes almost constant. 

This is due to the inability of rotating electric dipoles to 

match with the variation taking place in the applied A.C. 

electric field. It is also marked that the dielectric constant 

value decreases slightly as temperature increases within the 

frequency range under study. The reason for the slight 

decrease in dielectric constant values on increasing 

temperature is explained as follows. 

 
Figure 5. Plot of Ɛ’ vs. log f for Magnesium Tartrate nanoparticles 

 

As the temperature increases the kinetic energy increases for 

the constituent atoms of dipoles and the vibrations in the 

dipoles also increase and get less tendency to align with the 

external field. However, for strontium tartrate, the dielectric 

constant was found to be decreasing within 42°C to 75°
 
C 

temperature range due to the compensation taking place by 

the thermal energy leading to the polarization relaxation and 

dielectric constant resulting from ion-dipole interactions. 

Thereafter, the dielectric constant was found to increase [30]. 

 

 
Figure 6. Plot of dielectric loss (δ) vs. log f for Magnesium Tartrate 

nanoparticles 

 

Figure 6 shows the relation between dielectric loss (tanδ) and 

log f at various temperatures. The value of dielectric loss 

(tanδ) decreases as frequency increases. Also, the tan δ 

decreases as the temperature are raised from room 

temperature to 90
0
C. In the nano-phase materials, the 

inhomogeneities at the interface layers are likely to produce 

an absorption current giving dielectric loss-tan δ, which 

decreases as the frequency of the applied field is increased 

and hence the resulting dielectric loss reduces [29]. As the 

temperature increases the dislocation and other defects may 

coalesce and reduce their number giving rise to the reduced 

dielectric loss occurring due to defects [38],[39]. 
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Figure 7. Plot of A.C. conductivity vs. log f for Magnesium Tartrate 

nanoparticles 

 

Figure 7 is the plot of the A.C. conductivity (σac) versus log f 

for magnesium tartrate nanoparticles. The change in ac 

conductivity against frequency is due to free or bound charge 

carriers. In the case of contribution from free charge carriers, 

the conductivity is decreased with an increase in frequency 

[40].  As shown in figure 7, the A.C. conductivity increases 

with increasing frequency for all the temperatures and hence 

it is due to the contribution of bound charge carriers present 

in the sample. 

 

 
Figure 8 Jonscher’s plot 

 

Jonscher's power law is applied to A.C. conductivity data. 

The Jonscher’s power law equation [41], [42] is represented 

as:  

 

σ ac (ω, T) = σ dc (T) + A(T) ω 
n         

 ----------(2) 

 

Where σdc (T) is the D.C. conductivity, the term a(T) ω
n
 is 

responsible for the A.C. conductivity because of the 

dispersion phenomena, A(T) is a constant that depends on 

temperature and n represents the power-law exponent. Figure 

8 shows plots of log σac versus log ω, which shows the 

dispersive nature. However, no major effect of temperature is 

found within the temperature range studied. The parameters 

in Jonscher's power law are estimated from the plots of figure 

8, which are given in table 3 within the temperature range 

studied. The variation of exponent n along with temperature 

can predict the mechanism prevailing for A.C. conduction. 

From table 3, one can predict that Correlated Barrier Hopping 

(CBH) model is applicable to charge carriers [29]. The 

parameter A indicates the strength of polarizability and its 

variation with temperature. 

 
Table 3: The values of parameters n and A 

Temperature (oC) n A (S m-1 rad-n ) 

30 0.79 1.621 × 10-12 

50 0.75 1.905 × 10-12 

70 0.76 1.862 × 10-12 

90 0.72 2.511 × 10-12 

 

To study the dependence of A.C. conductivity on frequency 

and temperature, the Arrhenius plots are drawn at different 

frequencies using the Arrhenius equation [43]. 
 

 
Figure 9. Plot of log (σT) vs. [1000/T] at 1×103 Hz 

 

Figure 9 shows the plots drawn for log (σT) vs. [1000/T] at 1 

kHz. The activation energy for the A.C. conduction is 

evaluated from the slope of the plot drawn in figure 9. At 

different frequencies as given in table 4. The activation 

energy is a potential barrier to be surmounted for in the 

conduction. Table 4 suggests that the activation energy 

decreases as the frequency is increased. This further indicates 

that the A.C. conduction is a kinetic process and as frequency 

increases, more charge carriers are jumping between the 

localized states. 
 

Table 4: Activation Energy at Various Temperatures for Magnesium Tartrate 

Nano Particles 

Frequency in Hz The activation energy in eV 

1×103Hz 0.076eV 

1 ×104 Hz 0.059 eV 

1×105 Hz 0.051eV 

1×106Hz 0.035 eV 

1×107Hz 0.018 eV 

 

As mentioned earlier, according to the present authors’ 

knowledge no significant work is reported on magnesium 

tartrate nano- particles. The nanostructures are expected to 

give benefits in terms of an increase in the rate of absorption, 

reduction in the required dose, etc in pharmaceutical 

applications [44],[45]. The present study on magnesium 
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tartrate nanoparticles may be helpful to design the needed 

pharmaceutical formulations. 

 

4. Conclusion 

The nano-particles of magnesium tartrate were obtained by 

wet chemical surfactant mediated technique. The Powder 

XRD study confirmed orthorhombic crystal structure with 

cell dimensions a = 9.19Ǻ, b = 11.18 Ǻ, c = 7.96 Ǻ and         

α = β = γ = 90
o
 having the average crystallite size of 40.35 nm 

and 10.90 nm evaluated by applying Scherrer’s formula and 

Williamson and Hall method, respectively. The TEM images 

confirmed the nano-structured nature with a size range from 

18.25 nm to 48.70 nm and displayed spherical type 

morphology. FTIR spectrum confirmed the presence of O–H, 

C–H, C=O functional groups and metal-oxygen vibrations. In 

comparison to the bulk sample, the redshift and blue shifts 

occurring in the FTIR spectrum were found as a result of the 

nano-structured nature. From TGA it was found that the 

sample remained thermally up to 213°C.  During heating in 

TGA, initially, the sample is converted into an anhydrous 

form and then into metal oxide via the carbonate stage. DTA 

shows minor endothermic reactions observed at 60°C 

temperature is a result of giving up the water of hydration or 

moisture. The presence of one water molecule was estimated 

from the calculation. Dielectric constant and dielectric loss 

both decreased in the same manner as the frequency of 

applied field was increased at different temperatures. On the 

application of Jonscher's power law to A.C. conductivity, 

from the nature of the variation of exponent n along with 

temperature, the CBH model was found to be applicable for 

A.C. conduction. From the Arrhenius plots, the A.C. 

conduction was found to be a thermally activated kinetic 

process. For future work the author tries to utilize this sample 

for different biological study as well as to explore 

paramagnetic iron tartrate nano particles for targeted drug 

delivery applications.   
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